Effect of dried earth worm (Aporrectodea
INTRODUCTION
Aquaculture is the growing of aquatic plants or animals for all or part of their life cycles. Primarily, its role is to produce food for human consumption, but it also has other purposes such as ornamental uses and as an aquarium. According to FAO (2010) the total aquaculture production of the world in 2009 reached 55.1 million tonnes, including 35 million tonnes from inland fisheries. The demand is expected to increase, and so aquaculture will become increasingly importance in the future. The practice of aquaculture in inland fisheries is by many methods, but most effort is directed to intensive systems. The importance of fish meal as feed ingredient in fish and shrimp production is quite enormous. It is a feed ingredient with very high nutrient density and high digestibility. Among the animal protein sources fish meal is particularly suited to meet the nutrient requirements of animals (Karimi 2006) . The high cost and scarcity of fish meal in formulated feeds has led to the use of other alternative protein sources such as Toad meal (Annune 1990 ), Tadpole meal (Ayinla et al. 1994; Sogbesan et al. 2007) , fermented fish silage (Fagbenro and Jauncey 1995) , Maggot meal (Ugwumba et al., 2001; Sogbesan et al., 2005) , poultry dung meal (Fasakin et al., 2000) and Garden snail meal (Sogbesan et al. 2006 a & b) , earthworm meal (Sogbesan et al., 2007; u Dinh Ton et al., 2009) ).
Freshwater prawns are members of phylum Arthopoda. They are decapod crustaceans related to crabs and marine shrimp, but in their native land of Malaysia and Southeast Asia, Macrobrachium rosenbergii has evolved to survive in the brackish water of the estuaries and the freshwater rivers. It feeds on any available food , including plankton, insects, fish, benthic invertebrates (annelids), tadpoles, snails, Tubifex worms, clams and detritus (Spotts, 1981) in the wild. The optimum protein requirements for the larvae stage as reported by Rangacharyulu (1999) ranged from 30 to 45% which is the most expensive nutrient in feed formulation.
Earthworm culture is developing in many regions nowadays. Earthworm can be produced by simple methods from many kinds of organic materials. Earthworms have high protein content with a well-balanced array of essential amino acids. For this reason, earthworm have been shown to be an important feed resource for raising prawn M. dayanum (Langer et al., 2011) , fish (Yaqub, 1997; Sogbesan et al. 2007; Loan et al. 2009 ) and frogs (Latsamy and Preston, 2007) . Products of earthworm can be used as an alternative protein source for many cultured animals such as pig, poultry, fish and shrimp. However, the utilization of earthworm powder as protein source in aqua feeds is poorly studied.
The present study was conducted to evaluate the potential of earthworm powder in replacement of fish meal for feeding the freshwater prawn, M. rosenbergii.
MATERIALS AND METHODS

Site of experiment
The A huge numbers of earth worms were collected from moist loamy-sandy soil at El-Qanater El-Khayria, where this species is available and easily to be collected. The harvested worms were thoroughly rinsed in water and kept in a bowl for 30 min to evacuate the residual undigested contents in their guts (Akpodiete and Okagbare, 1999) . Then earth worms were weighed and dried in an oven at 80°C fro 3 h. After drying, the worms re-weighed, then milled with hammer milling machine into powdered form, packed as dried earthworm meal in an airtight plastic bowel and stored at 2-20°C till when needed.
Feeding experiments and diets preparation
A completely randomized design was used, with each treatment. Five experimental diets which were isonitrogenous at about 42.5% crude protein were formulated using the method of Falayi (2003) . In the diets earthworm meal was used to replace fish meal as animal protein source at various inclusion levels namely 0% (control), 25, 50, 75 and 100%. The diets were coded EM1 (control) to EM5. The percentage composition of the ingredients and production costs in the diets is shown in Table (1). After formulation, maize, fish meal, rice bran, soybean, salt and corn oil, blood meal, bone meal, and vitamin premix were purchased from local market and were measured with earthworm powder using electric sensitive weighing balance (Model MR-220), milled into fine particles using hammer machine and mixed thoroughly in a bowl for 30 min. to ensure homogeneity of the ingredients. Starch was prepared with hot water into past and mixed with the other ingredients as binder. *Vitamins and Minerals: Vitamin A-10,000,000 I.U.; D3-2,000,000 I.U.; E-23,000mg; K3-2,000 mg; B 1 -3000 mg; B 2 -6000 mg; Nacin-50,000 mg; Calcium Pathonate-10,000 mg; B 6 -5000 mg; B 12 -25.0 mg; Folic acid 1,000 mg; Biotin-50 mg; Choline Chloride-400,000 mg; Manganese-120,000 mg; Iron-100,000mg; Copper-8,500 mg; Iodine-1500 mg; Cobalt-300 mg; Selenium-120 mg; Antioxidant-120,000 mg; EM= Earthworm Meal.
The dough was pelleted wet using hand pelleting machine (Kitchen hand Cranker oelletizer). The pelleted product was transferred in a flat trays and sundried to constant weight after which the feeds were crushed into crumbs with pestle and mortar (for easy ingestion by the prawn larvae). They were packed in jute bags, labeled and stored at -20°C. The proximate composition of earth worm, fish meal and experimental diets are shown in Table ( 2). 
Experimental set-up and feeding
Five experimental sets in triplicate were used in this experiment. A total of 15 glass aquaria (50X 40X30 cm), dechlorenated tab water was supplied to two-third of the size of the glass aquarium. All aquaria were covered with a net of mesh size 3mm to protect the larvae of prawn from jumping out of the aquaria. A constant photoperiod of 12 light and 12 h dark was maintained. A total number of 500 prawn larvae (Macrobrachium rosenbergii) of initial mean weight of 0.20± 0.021 g. and mean initial length of 2.8±0.321cm were purchased from Hatchery of Mariout Fish Farming Company (MFFC) ,locating about 30 Km. west of Alexandria. Larvae were acclimatized for one week in circular plastic holding tanks (0.75 cm in diameters) occupied with electric aerator and fed a diet having 35% crude protein in the laboratory.
Larvae of prawn were sorted, weighed, randomly stocked into the experimental aquaria at a rate of 20 larvae per aquarium. They were starved overnight before the commencement of the feeding trials. Larvae were offered the experimental diets at a rate of 3% of their body weight per day; administered in two equal portions between 8.00-9.00 and 18.00-19.00 h. The quantity of feed was adjusted based on the weight of prawn for previous week throughout the 10 weeks duration of the feeding trails. The prawns were monitored daily. Dead prawn and faeces and remains of food were removed, counting of prawn recorded and not replaced to calculate the survival rate.
Prawns measurements
The length and weight of each larva in each aquarium were measured at the commencement of the experiment. Subsequently, a sample of 5 prawns was taken randomly from each aquarium once every two weeks and weighed with electronic digital balance (Model MR-220) to access the growth rates. Feed offered were recorded daily and the following calculations were performed: Specific growth rate (SGR) SGR (%/day) = 100{Ln(wf)-Ln(wi)}/T Where: Wf = Final weight (g) Wi = Initial weight (g) T= Number of experimental days Weight gain (WG) was calculated as: WG (g/day) = (Wf-Wi) Feed conversion ratio (FCR) was calculated as: FCR=Feed offered /weight gain of prawn At the end of experiment, all prawns in each aquarium were counted. Survival rate was determined from the number left at the end of the experiment relative to the number stocked.
Biochemical composition and statistical analysis
Water temperature was measured daily with graduated thermometers, while dissolved oxygen and pH were measured weekly using Boyd (1990) method and digital pH meter (ML 1010), respectively.
Proximate composition of processed earth worm meal and fish meal, experimental diets, prawn carcasses before and after the experiments were analyzed for crude protein, crude lipid, ash, and nitrogen free extracts according to Association Official Analytical Chemist Methods (AOAC 2000) . The mineral in the ash of each diet was brought into solution by wet digestion using conc. HNO3 (63%), perchloric acid (60%) and sulphoric acid (98%) in the ratio of 4:1:1 (Harris 1974) . Potassium and Sodium were determined using flame photometer (Allen 1974) .
The collected data were subjected to analysis of variance (ANOVA). Comparison among the means of treatments were carried out by one way analysis of variance followed by Tukey,s test (0.05). Least Significant Differences (LSD) was used to determine the level of significance among treatments at P=0.05.
RESULTS AND DISCUSSION
The crude protein content of fish meal and earthworm were significantly different (P<0.05) while that of the feed were not (P<0.05) ( Table 2 ). The highest crude lipid, (11.2%) was in 100% earthworm meal diet, while the lowest crude lipid (5.92%) was in earth worm meal. The gross energy values of fish meal and earth worm were significantly higher (P<0.05) than that of each experimental diet (Table 2) .
Various water quality parameters; water temperature, pH and dissolved oxygen (DO) were observed to be least affected by different treatment diets. The values of all the parameters, including water temperature, pH and DO were almost similar for all the treatment diets during the experimental period and was well within the optimal range proposed for the freshwater prawn by Boyd and Zimmerman (2000) , Strauss et al. (1991) and Zimmerman (1998) , respectively (Table 3) . 
Growth
The current study clearly demonstrated that feeding of M. rosenbergii larvae with earthworm meal at an appropriate period led to significantly improved growth performance and survival of the prawn larvae. The fact that biweekly weight increase was recorded in all treatments showed that non of the experimental diets contain antigrowth factors (Sogbesan et al. 2006 c) . In the present study, the inclusion levels of dry earth worm meal appeared to be an important factor in influencing growth, acceptability index, feed utilization and diestability of prawn larvae. This observation was corroborate with that of Stafford and Tacon (1985) that weight gain reduced as earthworm inclusions level increased in practical diets of rainbrow trout. Similar reports were made by Guerrero (1983) , Guerrero et al. (1984) , Alegbeleye and Oresegun (1998) and Sayed (1998) who recorded adverse effect on the productivity of tilapia when fed earthworm supplemented diets.
The results of the growth performance of M. rosenbergii larvae exposed to different diets (Tables 4, 5&6) clearly specified that the maximum final length, final weight and weight gain were observed in prawns exposed to diet having 25% earthworm meal(EM2). While the minimum length and weight gain was observed in prawn exposed to diet EM1 (control diet), the final average weight gain for different diets was in order: EM2>EM3>EM4>EM5>EM1 (Tables 4&5). The average specific growth rate (SGR) for the different diets ranged between 1.5for prawns fed on EM1 and 2.98 for those exposed to EM2. The lowest and the best feed conversion ratio (FCR) was obtained for diet (EM2) which differ significantly (P<0.05) from other experimental diets (Table 6) . From the values of FCR and SGR, it can be proposed that diet 2(EM2) which contain 25% earthworm was the best among all the dietary treatments and this may be due to the good nutrients and digestibility. This view is supported by Hardy (1996) , Jain and Srivastava,(2000) and Francis et al. (2001) . Also, Sogbesan et al. (2007) reported that the highest SGR, weight gain, protein efficiency ratio, and lowest feed conversion rate were recorded from 25% earthworm diet for Heterobranchus longifilis fingerlings. In this respect, Ramesh et al. (2001) and Sastry and Huria (2004) found that a complete replacement of fish meal with earthworm meal gave better growth values and survival in Catla catla fry. All diets realized bets survival rates, but prawn fed on EM2 and EM3 showed a higher survival rates represented by 93.5 and 93.1, respectively (Table  6 ). These results are in agreement with that obtained by Langer et al. (2011) who recorded that a significantly higher rate of growth, survival and FCR were recorded for prawns fed earthworm diet. In comparison with other worms such as silkworm pupae meal (SWP), earlier studies based on replacement of fish meal (FM) with SWP in common carp (Nandeesha et al. 1990 ), Catla and rohu (Jayaram et al. 1980) have shown the best growth of carps at 30% pupae inclusion. However, Begum et al. (1994) recorded significantly better SGR, FCR and protein efficiency ratio for rohu fed with a diet having 50% of its protein contributed by SWP when compared to FM based diet. Our finding also confirm the study conducted by Langer et al. (2011) who found that a replacement of fish meal with silkworm pupae yielded better growth results in terms of weight gain, SGR, FCR and survival rate of the freshwater prawn, M. dayanum. The present study revealed that as earthworm meal increased in the diet growth performance decreased and this was in agreement with that obtained by Alegbeleye and Oresegon (1998) who linked the poor growth and nutrient utilization of Oreochromis niloticus fed complete earthworm meal to unpalatable tendency of the worms due to secretion of elaocyte cells in its epithelium. Despite this, Cardinete et al. (1991) had also reported reduction in food intake and nutritive utilization of protein in rainbow trout fingerlings fed earthworm meal diet and linked this to the presence of ceolmic fluid in the earthworm hence fish will definitely perform better at low earthworm meal inclusions in their diet.
The biochemical composition of the flesh of prawn fed the five experimental diets was estimated in terms of moisture, total protein, total lipids and ash on the dry matter (DM) basis (Table 7 ). The moisture content of the prawn before culture was estimated to be 80.7% and decreased after the experimental period (at the end of experiment) but not significantly differed (P>0.05) and represented by 79.9, 79.3, 80.3, 80.1 and 79.85% in diet EM1, EM2, EM3, EM4 and EM5, respectively. The crude protein content (on DM basis) before culture was 59.6%. After culture, its value was analyzed as 60.1 for diet EM1, 62.9 in diet EM2, 59.1 in diet EM3, 59.8 in diet EM4 and 60.1 in diet EM5.The value of protein for all treatments did not differ significantly (P>0.05). From this study Diet 2 (EM2) showed the highest value of crude protein (62.9%) of prawns. The non significant difference in protein content of prawns fed different diets could have been due to isonitrogenous profile of these diets despite having variable protein sources. Ali and Sahu (2002) found similar observation in M. rosenbergii juveniles wherein three isocaloric and isonitrogenous diets having different protein sources did not affect the carcass crude protein. Ash content also showed insignificant differences (P>0.05), however, Diet 1(EM1) gave the highest value of ash (20.3%) than the other experimental diets. Diet EM1 gave the highest value of the total lipid content compared to the other four diets, while the lowest one was recorded with prawn exposed to EM3. However, differences in total lipid contents among all diets used was insignificant (P>0.05) between. In this respect, Sogbesan et al. (2007) demonstrated that fish, Heterobranchus longifilis fingerlings showed increasing in the apparent net lipid utilization along with earthworm meal inclusion could attribute higher inclusion of this animal protein supplement with increase in fat deposition in fish muscle which could lead to production of fatty fish.
In conclusion earthworms have a high nutritive value as a cheaper protein ingredient and can used as a replacement of fish meal in the diets of M. rosenbergii. This study, therefore clearly revealed better growth, SGR, FCR and survival for M. rosenbergii fed dry earthworm meal at inclusion of 25% and this may lower the cost of diet production.
